ABSTRACT 16
work constitutes the first report on fecal biomarkers in sheep feces. Bile acids can distinguish 23 diet regime and species having the same diet with greater specificity than 5β-stanols. Fresh 24 human fecal material and historical / archaeological fecal material were analyzed to assess their 25 stability through time by calculating the coprostanol/epi-coprostanol (Cp/epi-Cp) and 26 deoxycholic acid/cholic acid (DOC/C) ratios. Results show that bile acids are more resistant to 27 diagenesis than 5β-stanols, at least on a 700-year time scale. Human and domestic animal fecal 28 molecular imprints were then compared to the molecular content of 65 samples retrieved from 29 archaeological sites, soils and lacustrine sediments to test their ability to trace past land-use 30
dynamics. This study is the first to combine bile acids and 5β-stanols to identify a source of 31 fecal material indifferent types of location (archaeological site, catchments and lacustrine 32 sediments) and on different time scales. The combination of sterols and bile acids can be used 33 in a variety of natural archives and archaeological contexts to define the origin of fecal material, 34
to specify land-use, and to reconstruct past pastoral practices at various spatio-temporal scales. 35 . 36 ___________________________________________________________________________ 37
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Introduction
Land use change is known to be one of the main factors in global change, as it affects, inter 48 alia, biodiversity (Smith and Zeder, 2013 fundamental shift in the interactions between humans and environments (Redman, 1999; Zeder 53 et al., 2006) , from local to regional and continental scales (Braje and Erlandson, 2013) . To 54 predict ecosystem responses to global changes, the characterization of past land-uses and their 55 impacts on environment/climate systems are relevant (Ruddiman, 2003 to date, only a few studies have precisely distinguished human and animal sources in 70 archaeological settlements (Bull et al., 2003) or in the surrounding area (Shillito et al., 2011a) . 71
Moreover, the fecal imprint of some large mammal species often encountered in archaeological 72 contexts, such as sheep, has never been investigated. Moreover, the published data were 73 acquired using different protocols, which makes the comparison between the fecal imprints 74 difficult. 75
To fill these gaps, this study proposes an integrated ("source to sink") approach to fecal 76 biomarkers (5β-stanols and bile acids), from the source organisms to the archives, at different 77 spatial and temporal scales, based on a large set of new data. First, a complete inventory of 78 fecal biomarkers was made in current human and domestic animal feces. Cow, horse, pig and, 79 for the first time, sheep, were selected because they represent the most abundant animals 80 described in European archaeological sites. To identify their fecal molecular distribution, the 81 same protocol was used, allowing a comparison between them and a characterization of the 82 potential specificity of these biomarkers. The early and selective degradation of fecal 83 biomarkers was then studied in order to ascertain the stability of established relationships 84 through time. This was achieved by analyzing the molecular content of fresh human feces, 85 recent sediments in septic tanks and archaeological middens. Finally, the fecal molecular 86 imprints previously proposed were tested in different archives. This includes septic tanks and 87 soils in archaeological settlements (Orléans, France), soils (Lake Aydat catchment, Massif 88 Central, France) and lake sediments (retrieved from Lake Montcineyre, Massif Central, France 89 and Lake Igaliku, South Greenland). These archives enable past agropastoral dynamics to be 90 An ancient septic tank, archaeological middens, soils and lacustrine sediments were 102 sampled. First, they were used to assess the early diagenesis and preservation of the fecal 103 biomarkers' distribution through time and then for the reconstruction of past agropastoral 104 dynamics on various space and time scales. 105 A total of 60 samples were selected (Appendix 1): 106 -Four samples were taken to assess the possible early and preferential degradation of fecal 107 biomarkers over the first centuries after deposition: a19thcentury septic tank (St19) and three 108 archaeological middens dated from the 14th, 15th and 16th centuries (St14, St15, St16, 109 respectively; Joyeux, 2013) collected from undisturbed settlement layers in an excavated 110 housing located in the medieval city of Orléans (Loire Valley, France). 111 -10 soils (PS1-PS10), from fields pastured by bovines for at least 60 years, were sampled 112 in the Lake Aydat catchment (Massif Central, France) in order to describe the fecal molecular 113 distribution in grazing areas and their transfer to soils. 114 -A total of 46 samples were retrieved from two lacustrine sediment cores to reconstruct 115 past and recent land uses at a catchment scale. Two catchments with distinct anthropogenic 116 contexts were selected: 117 (i) Lake Montcineyre catchment (Massif Central, France) located twenty kilometers away 118 from Aydat (Fig. 1 ). Archaeological and historical data attest toagropastoral activities 119 since the Middle Ages (Charbonnier, 1999; Bayard, 2010 and references therein). with a mixture of CH2Cl2:MeOH (9:1 v/v). Total lipid extract was fractionated into neutral and 140 acidic compounds using solid phase extraction on Supelclean LC-NH2 SPE bulk packing 141 . Neutral compounds were eluted with CH2Cl2:isopropanol (2:1) and 142 acidic compounds with ether:formic acid (9:1) after acidification. Total neutral and acid 143 fractions were then dried under N2. As described in Lavrieux et al. (2011) , the sterols were 144 isolated from the total neutral fraction by flash chromatography on a Pasteur pipette filled with 145 silica (activated 24h at 120°C, then deactivated with H2O, 5%), using a sequence of solvents of 146 increasing polarity (heptane, heptane:toluene and heptane:ethyl acetate). The acidic fraction 147 was methylated by adding a mixture of anhydrous MeOH and acetyl chloride (55°C for one 148 hour). It was then separated into fatty acid methyl esters (FAMEs) and hydroxy acid methyl 149 esters by flash chromatography with a Pasteur pipette filled with silica, using CH2Cl2, 150
CH2Cl2:isopropanol and MeOH (Guillemot et al., 2015) .Finally, sterol and bile acid fractions 151 were silylated using BSTFA and pyridine (60°C for one hour). Prior to gas-chromatography 152 and mass-spectrometry (GC-MS) analyses, 5α-cholestaneand nor-deoxycholic acid standards 153 were added to all fractions for quantitation purposes. The distribution of sterols varied widely among the considered species (Table 1 ; Fig. 2a  183 and e). In the herbivorous group, cow feces showed the highest values of total coprostanols 184 (TC, 1817 µg /g of dried fecal material; Table 1), followed by sheep (1302 µg/g) and horse 185 (336µ/g). In herbivorous fecal samples ethCp was the main compound followed by mCp (Table  186 1). In the omnivorous group, TC concentrations were one order of magnitude greater than in 187 the herbivorous group, with a predominance of Cp. Human and pig feces had rather similar 188 fecal sterol profiles. Indeed, Cp and ethCp were the major compounds in pig (Cp = 3522 µg/g, 189 48% of TC; ethCp = 3093µg/g; 41% of TC) and human feces (Cp = 12251µg/g, 71% of TC; 190 ethCp = 3929µg/g, 23% of TC). However, the proportion of TC was more than twice as high 191 in human asin pig feces (Table 1) . More especially, Cp contents in human feces were 3.5 times 192 higher than in pig feces, which is consistent with previously published data (Leeming et al., 193 1996). 194 In the light of these results, the differences in fecal sterol distributions cannot distinguish 195 between mammals having the same diet. Previous studies using ratios of fecal and non-fecal 196 sterols barely succeeded in discriminating between mammals (e.g. Grimalt et al., 1990; Bull et 197 al., 1999a Bull et 197 al., , 2002 Bull et 197 al., , 2003 We tested these two ratios in the reference samples. For all of them, Sr1 values were greater 204 than 0.7 with Sr1human>Sr1pig>Sr1cow>Sr1horseand Sr1sheep (Table 1) The distribution of bile acids also varied widely among the different animal species (Table  215 1; Figure 2b and f). In the herbivorous group, all species produced DOC, whereas LC was only 216 produced by cows and horses ( Fig. 2b) . It is therefore possible to distinguish them from sheep, 217 whose feces only contained DOC (3.21 µg/g of dried fecal material). Cows and horses can be 218 distinguished by the total bile acid content, which was twice as high in cow (0.56 µg/g) as in 219 horse feces (1.17 µg/g). 220
In the omnivorous group, human and pig fecal material can be discriminated by the bile 221 acid composition. In human fecal samples, DOC was the major bile acid detected, followed by 222 LC (Fig. 2f; 35 .56 and 45.44µg/g respectively; Table 1 ). Other bile acids such as CDOC (2.15 223 µg/g), C (1.79 µg/g) and UDOC (1.24 µg/g) were detected in lower contents. While DOC was 224 the most abundant bile acid in human fecal material, it was not detected in pig fecal samples. 225
In the latter, the major bile acids found were HDOC (32.01 µg/g) followed by LC (21.07 µg/g) 226 and UDOC in lower contents (2.31 µg/g). Thus, bile acid distributions allow a clear distinction not only between herbivorous and omnivorous mammals, but also between animals having the 228 same diet.The fecal molecular inventory of a large range of animal feces presented in this study 229 not only confirms, but also completes previous studies ( Cp in sewage particulate organic matter before and after microbiological treatments, suggesting 242 that bile acids are probably better preserved than sterols. 243
To better assess the respective preservation of fecal biomarkers, we compared the fecal 244 imprint of the human reference sample to samples from the septic tank and from archaeological 245 middens, covering the 19th to the 14th centuries (St19, St16, St15 and St14). All these samples 246 were characterized by a major/exclusive human fecal input. InSt19, St16, St15 and St14 247 samples, Sr1 values ranged between 0.87 and 0.92 (Table 2 ) and Sr2 exhibited low values (0.33-248 0.84), all attesting toan omnivorous fecal imprint. In addition,Cp was the major sterol observed 249 (between 0.58 and 10.54 mg/g), followed by ethCp ( Fig. 2 ; Table 1 ). These indices,associated 250 to the presence of CDOC and C, and the absence of HDOC, attest to a human fecal input. 251
Fecal sterols and bile acid contents decreased with the age ofthe samples ( Table 2, TC did not exhibit the same trends, it probably illustratesdifferential degradation between bile 305 acidsand fecal sterols. In view ofthe better preservation of bile acids compared to that of 5β-306 stanols confirmed and described in section 3.3., it isthe evolution of LC and DOC 307 biomarkersthat describes agropastoral activities during the last 800 years in the Montcineyre 308 catchment. 309 310 3.4.3. Lake Igaliku sediments 311
The regional historical context of SouthGreenland is very different from that of the 312 Massif Central. In the lake Aydat and Montcineyre catchments, agropastoral activities occurred 313 without interruption since the Neolithic. In South Greenland only two agropastoral periods (the 314 Norse settlement between AD 986 to ~ AD 1450 and the last century) are attested. Figure 6  315 shows the evolution of TC, Sr2 ratio and DOC contents during the last two millennia. The Sr2 316 ratio and DOC contents evidence the two phases synchronous with these two periods of 317 agropastoralism. As here, Guillemot The work received financial support from the OTARIE Project (Région Centre, European 364
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